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It was recently claimed that the observed physical neutri¬ 
nos cannot be of Majorana type because such particles lack 
vector interactions. Contrary to this claim we show that if 
the Majorana neutrino is massless it is indistinguishable from 
the Dirac neutrino so that observed physical neutrinos may 
equally well be of Majorana or Dirac type. 
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Neutrinos are the only known fermions without charge 
and therefore they may in principle be their own antipar¬ 
ticles. If this is the case, only two free parameters are 
needed to describe the neutrino, a left handed and a right 
handed component. This is the well known Majorana 
type neutrino Q . The standard fermion description of a 
neutrino is the Dirac neutrino, consisting of four degrees 
of freedom, left and right handed particles and antipar¬ 
ticles [|]. However, two of these components are ster¬ 
ile because only the left handed neutrino and the right 
handed antineutrino interact if the neutrino is massless. 
Even though both Dirac and Majorana neutrinos are de¬ 
scribed by only two different parameters there is the fun¬ 
damental difference that the Majorana neutrino field is 
invariant under CPT Q|. Therefore one might suspect 
that the Dirac and Majorana descriptions are not equiv¬ 
alent even for zero neutrino mass. 

Indeed, it was recently claimed that the observed phys¬ 
ical neutrinos of the weak interaction cannot be Majorana 
particles because physical Majorana neutrinos should be 
unpolarized Q. Furthermore such particles do not pos¬ 
sess vector neutral current interactions. Therefore they 
should have interactions that are quite different from 
Dirac neutrinos and be excluded by the CHARM H mea¬ 
surement of the neutrino neutral current coupling |^. 

The argument is that the Majorana field is a linear 
combination of left handed and right handed parts 

V-M = + V'fl ), (1) 

where is a left handed neutrino field. 

In Ref. Q| it is claimed that the same should be true for 
the Majorana states. However, Eq. ( 0 ) is not equivalent 
to saying that the physical Majorana states are always 
unpolarized. Indeed, the Majorana field should be in¬ 
variant under the CPT operation. However, the physical 
Majorana state reverses its spin under CPT 

0 I v{p, s) >= r ]0 I i/(p, -s) >, (2) 


where 0 = CPT and yye is a phase factor. Therefore, 
contrary to what the author of Ref. j^] claims, the states 
do not have to be invariant under CPT and therefore 
physical Majorana neutrinos are not required to be un¬ 
polarized. This just shows how important it is to distin¬ 
guish between the field and the states. The field is by 
definition an operator, defined by the creation and anni¬ 
hilation operators, whereas the states are defined by the 
action of the creation operator on vacuum ^ 

Now, let us consider the situation with the CHARM 
H experiment. This experiment uses muon neutrino and 
antineutrino scattering on target electrons to measure 
the neutral weak current coupling constants, A and V. 
The neutrinos are produced via the charged weak current 
decays of charged kaons and pions ^ and therefore they 
are born with definite helicity. This is simply because of 
the V — A structure of the charged weak current 

= 67^(1 - 75)j^m- (3) 

Negatively charged kaons and pions have to produce 
muons and right handed muon neutrinos because the 
right handed current is not active in weak interactions, 
whereas positively charged kaons and pions necessarily 
produce lefthanded muon neutrinos Q. The calculation 
of the cross section for neutral current scattering of a 
fully polarized Majorana neutrino on an electron then 
gives, > v^e~, is straightforward and gives 

|Mp =^CI[{Ca-Cv?{p.,,,-p.,2 ? (4) 

+{Ca + ■ Pe,i)^]) 

where index 1 indicates incoming particles and index 2 
outgoing particles. This exactly equivalent to the corre¬ 
sponding Dirac matrix element H]. This means that the 
vector interaction is reintroduced by the definite initial 
chirality of the Majorana neutrino even though one may 
show that the vector part of the neutral current disap¬ 
pears by using CPT conservation arguments 0. So even 
if they are detected via the neutral current scattering on 
electrons, the Majorana neutrinos will be completely in¬ 
distinguishable from Dirac neutrinos. 

If the Majorana neutrino was indeed unpolarized 
the corresponding matrixelement would be 

|M|2 =AGl[{CA + Cvf{{p.,,,-Pe, 2 f (5) 

+ -Pe,!?}], 

leading to a completely different cross section. 
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Thus, the Majorana neutrinos produced by charged [10] T. Garavaglia, Phys. Rev. D 29 , 387 (1984). 
currents are chiral eigenstates and therefore fully polar¬ 
ized because of the lefthanded nature of the charged weak 
interaction, even though the Majorana field is a linear 
combination of left and right handed parts. The claim 
that the observed neutrinos of the weak interaction can¬ 
not be Majorana particles is therefore not correct. 

For massive neutrinos the situation is not so simple 
because there exist no chiral eigenstates. This leads to 
detectable differences between Dirac and Majorana neu¬ 
trinos, because there are 4 physical components for a 
massive Dirac neutrino [^ |^ In this case one should use 
a polarization density matrix formalism [l^ in order to 
do the calculations. 
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^One major difference between massive Majorana and Dirac 
neutrinos is that helicity dipping involves violation of lepton 
number for Majorana neutrinos, whereas it does not for Dirac 
neutrinos. 
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